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ABSTRACT
LIQUID LEVEL MEASUREMENT USING NON-CONTACT RADAR
Kaushik Bukka, M.S
Department of Electrical Engineering
Northern Illinois University, 2015
Mansour Tahernezhadi, Director

The present research is related to liquid level measurement using a non-contact radar. For
this purpose we employ a Mono- Doppler transceiver whose function is to transmit and receive
electromagnetic waves. The primary objective of the research is to estimate the height of water
level in a tank and to build an efficient measuring device.
Mono-Doppler transceiver operates as a pulse radar device. It emits pulses of microwaves
in a duration of nanoseconds. For this reason the transceiver has high repetition rate. Within very
short duration, a received signal is observed, the time delay of the received signal is used to
evaluate to the height of water level. An antenna is attached to the transceiver to increase the
directivity and percentage reflected power. To increase the signal strength an amplifier is
introduced and it is constructed using LM 741. Further to notify us when the tank has reached its
capacity, a comparator circuit is constructed. All the constructed amplifier and comparator circuits
are evaluated in B2 Spice. Depending on the amplitude of the signal received when the tank has
reached its capacity, a reference voltage is fed to comparator circuit. The output of comparator
circuit is fed to LED. Thus when the LED is lit up, it is observed that the tank has reached its
capacity.
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CHAPTER - 1
INTRODUCTION
Radar gives a non-contact sensor that is essentially unaffected by changes in procedural
temperature, pressure, or gas and vapour structure inside of a vessel. Furthermore, the estimation
precision is unaffected by changes in density of the liquid, the dielectric constant of the entity
being measured. Outside factors like pressure and temperature, have a little effect on the proposed
process.
Water level measurements are mostly used by water managers and hydrographers to
compute water flow. But, in our proposed work we are dealing with the measurement of water
level in a tank. A radar sensor can measure the level of water by propagating electromagnetic
waves with the help of an antenna. As we know radar exhibits similar properties to that of light
and is reflected and scattered similarly to that of light. Liquid or any entity that is in the path of
the signal transmitted from the radar reradiate the microwave energy back to the antenna. “The
time it takes for the energy to return to the radar is determined and the resulting travel time is used
to determine the distance of the object from the emission of energy” (Fulford, Ester, & Heaton,
Accuracy of Radar Water Level Measurements, 2006).
1.1 Pulse Radar Level Transceivers:
Pulse radar level transceivers are used for measuring distances. Here, pulses are shot
between known time duration and they are reflected back from liquid surface. Its function is carried
out in time domain and does not require Fast Fourier transform. The duration for the transmission
and reception of signal in terms of pulses is at very minute scale i.e., nanoseconds.
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Due to very short duration of travelling, Pulse radar tend to have high repetition rate and
the signal is also periodical.

Fig 1: Pulse emission by Radar Transceiver
Microwave radar level transmitters can be applied in various fields because, as a measurement
technique, they are affected very little by change in temperature, vacuum, and normal changes in
pressure. Electromagnetic waves have similar properties to light. They exhibit similar
characteristics like Reflection, Refraction and all other properties exhibited by light (Devine,
2000).
1.2 Horn Antenna:
In addition to the transceiver, we employ a pyramidal horn antenna to increase the gain and
directivity. Antennas have various types and horn antennas can be categorised into three types
depending on the plane they are operating in. They are E-plane sectoral horn, H-plane sectoral
horn and pyramidal horn. Here, a pyramidal horn antenna is employed. Pyramidal horn is the most
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used antenna for microwave frequencies. In addition to the horn, waveguide to which signal is fed
is flared in both planes, E and H. The field distribution at the aperture of the horn can be estimated
by following equation (Devine, 2000).

1.3 Literature Review:
Various advancements were made in the field of non-contact measurement. James Clerk
Maxwell indicated mathematically that every electromagnetic wave move at the same speed in
free space, irrespective of its wavelength. Hertz substantiated Maxwell's hypothesis by
experiments performed in 1886-87 at Karlsruhe Polytechnic. He utilized a spark gap transmitter
delivering blasts of electromagnetic waves which are observed to be at a High-frequency value, at
about 455 MHz With the help of various experiments, Hertz came to the conclusion that EM waves
exhibit similar characteristics to that of light. His experiments led to a new field of level
measurement using a non-contact radar (Devine, 2000).
The primary viable type of radar was delivered by a German engineer, Christian
Hülsmeyer. Patented in different nations in 1904 as the “Telemobiloscope”, Hülsmeyer's device
was portrayed as “A Hertzian wave transmitting and accepting equipment adjusted to show or give
cautioning of the vicinity of a metallic body in the path of transmission of such waves” (Devine,
2000). An expansion to the work around the same time depicted “Upgrades in Hertzian wave
transmitting and accepting gear for finding the position of far off metal items” (Devine, 2000).
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Before World War II, radar was being created autonomously in various diverse nations,
mostly for military purposes. In 1934, a progression of trials were conducted by scientists Taylor,
Young and Hyland for a “System for detecting objects by radio” (Devine, 2000).
In February 1935, British researcher, ‘Robert Watson-Watt’ displayed a paper on “The
detection and location of aircraft by radio methods” (Devine, 2000). A radio transmitter was
utilised at Daventry. Few miles away, a different radio recipient connected to an oscilloscope was
utilized to identify the vicinity of a Handley Page Heyford air ship. For the transmission and
reception of signal Watt employed a Constant Wave projection. A constant single recurrence of
frequency was transmitted from one point and identified by a receiver which is placed at a different
location. The difference between the frequency of the transmitted signal and the frequency of a
received signal was observed. This showed the existence of the target entity.
Development of Radar over the years has been intriguing. Before, during and after the war,
Radar was a primary subject in the military. Various advancements were made to detect the target
entity using a radar device. After the war, Radar also became a primary subject in the commercial
fields like aeronautics. Hydrographers also have their fair share of usage of Radar devices.
In non-contact level measurement, various types of radar have been used. Initially it was mostly
continuous wave radar, and then frequency modulated continuous wave radar came into play. But
due to the limitations experienced in FM-CW a new method became significant, that is the Pulse
radar method. The basic functionality of Pulse radar is to shoot pulses in periodical duration. A
short pulse, typically of millisecond or nanosecond duration, is projected onto the liquid surface.
And this transmitted pulse is received and the travelling time helps us to measure the height of
water level in the tank.
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CHAPTER- 2
PHYSICS OF RADAR
Maxwell's speculations of electromagnetism were affirmed by the tests of Heinrich Hertz.
These demonstrate that all types of electromagnetic radiation go at the velocity of light in free
space. Maxwell demonstrated that velocity o EM waves can be evaluated similar to that of velocity
of light, and is given by this expression.

Co - Velocity of Electromagnetic Waves in Vacuum in m/s.

µo - The permeability of free space (4π * 10-7 Henry/meter).
εo - The permittivity of free space (8.854 x 10-12 farad/ meter).
The velocity of an EM wave is the result of the frequency and the wavelength, shown in this
equation.

C—Velocity of Electromagnetic waves in m/s.
f—Frequency of wave/ second.
λ—Wavelength in metres
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2.1 Permittivity:
The size and partition of the charges and the arrangement of the medium between the charges will
help us evaluate the force between them. Permittivity ε is the property of the medium that impacts
the size of the force. When the estimation of permittivity is higher the magnitude of the force
between the charges is low. The estimation of the permittivity in ideal conditions εo, is computed
and is 8.854 x 10-12 farad/ meter.
2.2 Relative Permittivity or Dielectric Constant εr:
Relative Permittivity or Dielectric constant εr of any liquid or medium is the ratio between
permittivity of the medium or liquid and permittivity of free space. Case in point, at 20° C the
Dielectric constant of air is near to that of a vacuum and is just around 1.0005 though the Dielectric
constant of water at 20° C is around 80. (Dielectric constant is generally known as DK.) The
estimation of the dielectric constant of the item being measured is vital in the utilization of radar
to level-estimation. In non-conductive items, a percentage of microwave energy penetrates through
the entity and rest of the signal gets reflected back. The % reflected power increases with increase
in the value of DK. Liquids with low DK might produce false readings.
2.3 Permeability µ and Relative Permeability µr:
The Magnetic vector, B, of an electromagnetic wave likewise has an impact on the velocity of
electromagnetic waves. Nonetheless, this impact is moderate when considering the velocity in
gasses and vapours which are non-magnetic. The relative permeability of the item being measured
relatively smaller impact on the reflected sign when contrasted to the impacts of the DK. For the
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non-magnetic gasses over the entity being measured, the estimation of the relative permeability is

µr=1
2.4 Various effects on Radar Level Transceiver:
A Radar signal is minimally affected by changes in the propagating medium. The effect of
DK on the level measurement is high; in fact it is the basis of how we measure the liquid surface.
Liquids with high DK reflect off the signal and thus the received signal is evaluated for level
measurement. Though there is minimal effect on the radar signal due to the medium in which we
are propagating, the velocity of the transmitted signal when travelling through liquid is slower.
Case in point, Consider there is less than one meter of liquid in the bottom of a procedure vessel,
a larger echo may be observed from the bottom of the tank than from the surface of the liquid. Not
only a false reading is observed, the received signal appears to be farther away than from the
bottom of the vessel. This is because when the signal travels through liquid its velocity is reduced
when compared to the free space and a delayed travel time is observed. To eliminate this problem
echo processing software can be employed (Devine, 2000).
Effects of temperature, pressure can be observed in the figures 2 and 3.
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Fig 2: Percentage error vs. Change in Temperature.
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Fig 3: Percentage error vs. Change in Pressure

The amount of power reflected when a signal is transmitted into the solvent is also a criteria
to be concerned with. It is shown in figure 4.
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CHAPTER-3
RADAR LEVEL MEASUREMENT
Radar has quite a few advantages when used in measurement of liquid level in a tank. It
gives a non-contact level measurement system that is almost unaffected by changes in procedure
temperature, pressure, or the gas, and vapour structure inside of a vessel. Further, the estimation
precision is unaffected by changes in density, viscosity, conductivity of the entity being measured,
or via air development over the entity. The pragmatic utilization of microwave radar for tank
gauging and procedure- vessel level estimation presents an intriguing set of technical difficulties
that must be overcome. In the event that we consider that the pace of light is more or less 300,000
km/s. Considering Electromagnetic waves travel at the pace of light, the time taken for a radar
signal to travel one meter to and from the surface takes at about 6.7 nanoseconds or 0.0000000067.
To be able to conceive to gauge this travel time and produce exact data of level measurement from
the vessel is important. There are two procedural systems that are in use for level measurement
estimation using non-contact radar. They are Frequency Modulated Continuous Wave radar also
known as FM-CW which operates on continuous waves and Pulse radar which operates using
pulses. Here we discuss FM - CW and PULSE radar level estimation and look at the two systems.
We talk about exactness and frequency contemplations and investigate the technical advances that
have occurred as of late (Devine, 2000).
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3.1 FM-CW Radar:
The FM - CW radar estimation procedure has been used since 1930's in military and airship
radio altimeters. In the mid 1970's this strategy was created for marine utilization measuring levels
of raw petroleum in super tankers. In this way, the same strategy was utilized for exchange level
estimation of solids in vast tankers. As of present days, FM - CW transmitters have been adjusted
for procedure vessel applications. FM - CW radar is a roundabout strategy for separation
estimation. The transmitted frequency is adjusted between two known frequencies, and the
distinction between the transmitted signal and the arrival echo signal, is measured. This difference
between the frequencies is directly proportional to the travel time and henceforth the separation.
The hypothesis of FM - CW radar is basic. In any case, there are numerous useful issues that need
to be tended to in procedure level applications. A FM-CW radar level transceiver obliges a Voltage
Controlled Oscillator (VCO). Its purpose is to transmit a signal between two known frequency
values. Frequency sweep needs to be controlled and it is crucial that sweep must be as linear as
possible under the circumstances. A linear frequency modulation is accomplished either by precise
frequency calculation circuitry with closed loop obligations of the output or by cautious
linearization of the VCO yield including temperature compensation.
The crucial part of a Frequency Modulated Continuous Wave (FM-CW) is a linear sweep circuitry.
The frequency of VCO is ramped up by the voltage controller which is fed by a linear ramp
generator. Importance of a very accurate linear sweep is noted. The transmitted signal which is
frequency modulated is directed to the antenna and further onto the liquid present in the vessel.
We will further receive echo frequencies and they are involved with part of frequency of
transmission signal. The difference between these frequencies is amplified and filtered before it

12

undergoes FFT (Fast Fourier Transform) analysis. Echo processing and echo decisions are made
from the frequency spectrum produced by the FFT analysis. The procedure is long and requires
considerable power (Devine, 2000).

3.2 Pulse Doppler Radar:
Pulse radar level transceivers operate by sending pulses of EM wave. The time taken for
the transmitted pulse to receive back is evaluated and level of the liquid in the tank can be
estimated. Pulse radar works in the time area and subsequently it does not oblige the Fast Fourier
transform (FFT) analysis that portrays FM - CW radar. When opting for Pulse radar we have
various factors to be considered, they are:
3.2.1 Choice of Frequency:
Process radar level transmitters work at microwave frequencies between 2 GHz and around
26 GHz. Manufacturers have picked frequencies for distinctive reasons going from authorizing
contemplations, accessibility of microwave parts and perceivability specialized favourable
circumstances.
Radars operate at various known frequencies. Each operating frequency has its own benefits
depending in their field of measurement. Both the low and High-frequency radars have almost
identical beam angles, but when considering the choice of frequencies there is a bigger picture.
In real time working scenario, no single frequency is ideal for each radar level estimation
applications. In the event that we compare 2 GHz radar and 26 GHz radar, both the radar
transceivers which operate at High-frequency and low frequency have their own benefits and
backdrops (Devine, 2000).
3.2.2 Antenna size and Beam angle:
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If the frequency of a radar level transceiver is high, the more engaged beam angle from the
identical size antenna is can be observed.
With horn antennas, permit littler spouts to be utilized with a more engaged beam angle. Case in
point, a 1½ inch (40 mm) horn antenna radar at 24 GHz has nearly the same beam angle as a 6
inch (150 mm) horn antenna at lower frequency.
Then again, each operating frequency has its own benefits depending on their field of
measurement. Gain of an antenna is an important factor in measurement procedure. Gain of an
antenna increases with increase in square of the width of the antenna and additionally being
inversely proportional to wavelength2 at which the transceiver is operating.
Antenna gain α (diameter2/wavelength2) (Devine, 2000).
Antenna gain additionally relies on the aperture efficiency of the antenna. Further, the beam angle
of a narrow size antenna which is operated at High-frequency is not as effective as the beam angle
of a wider sized antenna which operates at lower frequency.
For a considered size of antenna, a higher frequency gives more focused beam.
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Fig 5: With increase in the operating frequency, beam becomes focussed.
3.2.3 Antenna focusing and False echoes:
The beam angle of a transceiver operated at 24 GHz is more focussed and produces fewer
false echoes. The wavelength of a 24 GHz radar is just 1.154 cm and the wavelength of 5.7 GHz
radar is 5.2 cm.
The short wavelength of the 24 GHz radar implies that it will reflect off numerous little objects.
But, the radar which is operated at lower frequency can successfully overlook these reflections.
The antenna has to be placed in a proper position, without the centering of the beam, the Highfrequency radar would need to adapt to more false echoes than a proportional lower frequency
radar.
Low frequency radar has a more extensive beam angle and consequently, if the establishment is
not ideal, it will see many false echoes. Low frequencies have a tendency to be all the more
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sympathetic when it comes to false echoes from the inner structure of a vessel or silo (Devine,
2000).

Fig 6: False echoes as experienced without proper positioning of antenna
High-frequency radar has a narrower beam angle. The smaller beam angle is essential on the
grounds that the short wavelength of the higher frequencies, for example, 24 GHz, reflect all the
more promptly from the inside structures. If there is a case of welds, confounds, and agitating
liquids which reflect off signal, the more honed focusing dodges the reflection problems.
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Fig 7: High-frequency Radar with more focused beam.

3.2.4 Agitated liquids:
High-frequency radar transmitters are vulnerable to scattering of signal from aggravated
surfaces. Scattering is because of the signal wavelength in correlation to the size of the surface
aggravation.
The High-frequency radar will get substantially less signal than a comparable 5.7 GHz radar when
the fluid surface is disturbed. The lower frequency transmitters are less influenced by disturbed
surfaces.
It is imperative that, whatever the frequency, the radar equipment can adapt to small-scale echo
signals. As the available data suggests, pulse radar has preference here regardless of what the
frequency is.
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High-frequency radar transmitters are defenceless to signal scatter from fomented surfaces. This
is because of the signal wavelength when compared to the extent of the aggravation on the surface
of the liquid. It is crucial that radar hardware can adapt to echo signals at a small scale. By
correlation, 5.7 GHz radar is not as badly influenced by unsettled fluid surfaces. Yet, low
frequency radar is by and large more qualified to solid level measurement applications (Devine,
2000).

Fig 8: Signal scattering caused by agitated liquids.

3.2.5 Condensation, Build-up, Steam and Dust:
High-frequency radar level transmitters are more powerless to build-up so entity develop
on the antenna. At higher frequencies signal loss is considerable, for example at 24 GHz.
Additionally, the same level of covering or build-up on a smaller antenna actually has a more
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noteworthy impact on the performance. A 6 inch horn antenna with 5.7 GHz frequency is for all
intents and purposes unaffected by build-up. Likewise, it is additionally lenient of item build-up.
Lower frequencies, for example, 5.7 GHz and 6.1 GHz are not highly influenced by abnormal
amounts of build up or dust. These frequencies have been extremely fruitful in applications from
concrete, solids and blast furnace levels to steam evaporator level estimation. In hot and dusty
situations, higher frequency radar will experience the ill effects of expanded signal attenuation
(Devine, 2000).
3.2.6 Froth effects during measurement:
The impact of froth on radar signals is a hazy area. It depends mostly on the kind of froth
including the froth thickness, dielectric constant and conductivity. Case in point, low frequencies,
for example, 5.7 GHz and 6.2 GHz adapt to low thickness froth better than higher frequencies, for
example, 26 GHz.
For instance, a 26 GHz radar signal will be heavily affected by a slim cleanser froth on the surface
of a liquid. A lower frequency radar signal penetrate through this sort of froth and keep on seeing
the fluid surface as the froth thickness increments to 150 mm or even 250 mm. On the other hand,
the thickness of froth will bring about a little estimation error on the grounds that the microwave
signals slow the pace as they go through the froth.
Higher frequency radar sensors have a decreased minimum distance requirement when compared
to the low frequency radars. This can be an extra advantage when measuring in short vessels and
stilling tubes (Devine, 2000)
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CHAPTER – 4
PROPOSED WORK AND EXECUTION
For the level estimation method here, a mono Doppler handset takes on the major role. It
contains three pins input, output and ground. It is a pulse radar transmitter and transmits pulses in
Nano-seconds and performs gathering operation too in the meantime. Further the signal received
by the mono-Doppler transceiver is observed using an oscilloscope. A mono Doppler handset will
be as demonstrated in Fig 9 (M/A COM tyco electronics, 2014).
4.1 Mono-Doppler Transceiver:

Fig 9: Mono-Doppler Transceiver.
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Features of Doppler handset incorporate minimal effort,. conservative size. The pins demonstrated
in Fig 10 are gold plated patch pins. It includes a Gunn diode oscillator. These oscillators are
appropriate for high volume applications where little size and unwavering quality are needed.
General applications incorporate police radar and vicinity sensing applications (M/A COM tyco
electronics, 2014).
The functioning of mono Doppler transceiver involves similar functionality to that of pulse
Doppler radar.

Fig: 10 Functional Block Diagram of Mono-Doppler Transceiver
The Mono-Doppler transceiver involves a Gunn oscillator which generates a microwave signal in
the range of radio waves from electromagnetic spectrum. The signal is transmitted at a constant
frequency via the antenna. The received signal will be mixed with the local oscillator and further
processed. We know the velocity of electromagnetic waves in the medium that we are propagating,
which is almost equal to speed of light (3x108 m/s). Thus the radar system can be able to calculate
distance between liquid level and radar system with the help of roundtrip propagation delay of the
impulse. But, present work is concerned with developing a sensor to indicate when the tank has
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reached its capacity. So, we only concentrate on the amplitude of the output signal of transceiver
(Kissinger, 2012)
An experiment is conducted to test the functioning of the mono-Doppler transceiver, the function
of transceiver is to transmit and receive the pulses, so a plank is introduced and by bringing it
closer to the working transceiver we have observed the change in the amplitude in an oscilloscope.
Nearer the plank, higher was the value of the amplitude.

Fig 11: Change in the Amplitude as observed on oscilloscope.
The above experiment we observed the change in amplitude when object is nearing the transceiver.
Raw data (readings) were taken from the Doppler transceiver alone by bringing a plank closer to
the transceiver and the readings are
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Table 1: Distance vs. Amplitude using Transceiver alone.
Distance (Inches)

Amplitude (mV)

3

34

2.5

37

2

41

1.5

44

1

53

0.1

56

0.06

97

0.02

178

The previous table can be re-written as below:
Table 2: Log response of the transceiver with no attached Amplifier or Antenna.
Distance (Inches)

Amplitude (mV)

Distance (cm)

Log (cm)

Log (mV)

3

34

7.62

0.88

-1.47

2.5

37

6.35

0.80

-1.43

2

41

5.08

0.71

-1.39

1.5

44

3.81

0.58

-1.36

1

53

2.54

0.40

-1.28

0.1

56

0.254

-0.60

-1.25

0.06

97

0.1524

-0.82

-1.01

0.02

178

0.0508

-1.29

-0.75

23

If we plot the readings we obtained we can observe

Fig 12: Amplitude vs. Water level in the tank with no Amplifier or Antenna.

Fig 13: Log response of the Transceiver with no attached Amplifier or Antenna.
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4.2 Pyramidal Horn Antenna:
After the study of transceiver, we now need to think of gain and directivity during signal
transmission and reception. For this purpose we designed a horn antenna for guiding the radar
signal. “Based on Elva’s SGPH series of standard gain pyramidal horn antennas, we designed a
rectangular horn. These are known to be ideal solution for measurement gain of other antennas,
short range radars and radiometers” (Devine, P. (2000). Radar level measurement). Horn Antenna
is carved out of circuit board sheets and copper sheets.
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Fig 14: Pyramidal Horn Antenna
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Estimated performance of the High-frequency radar is evaluated with the help of Antenna Magus
Software.

Fig 15: Estimated performance of 24.13 GHz Radar
Directivity is the primary achievement with the help of introducing an antenna, which helps in
projecting the better part of microwave energy onto surface of the liquid. The property of
directivity means the ability to radiate maximum possible amount of microwave energy into a
particular direction i.e., to the direction where we are measuring the solid or liquid level. It is
almost impossible to carve an ideal antenna because no matter how well the antenna may be
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designed still a considerable amount of energy will be radiated into all directions. Our goal is to
develop an efficient antenna.
The signal received is observed in an oscilloscope but is on a small scale. For this reason
we attach an operational amplifier circuit LM 741.
4.2 Operational amplifier:
The LM 741 is the general purpose operational enhancers that involve enhanced execution
over general standards. The enhancers give a few alternatives that make their applications fool
proof, in the same way as over-burden security on the input and output, no latch up once the basic
mode shift is surpassed and furthermore independence from oscillations (Texas Instruments, 1998).
Various operational amplifier circuits are constructed and evaluated in B2 spice. Then the
output signal from the transceiver is fed to op-amp and the output of the op-amp is connected to
oscilloscope. The circuit constructed in B2 spice is shown in Fig 16.

Fig 16: High-gain amplifier circuitry as constructed in B2 spice.
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Fig 17: Simulation and DC transfer graph of the high-gain amplifier circuit.
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Table 3. Amplitude vs. Water level using Cascaded amplifier.
Amplitude (mV)

Height(inches)

-233

0

-228

4

-193

8

-219

14

-223

18

-192

23

-190

29

-209

39

-187

44

-198

50

-234
-211

55
60

-194

70

-232

76

-214

80

-181

86

-188

92

-201

97

-201

102

-173

107

-198

112

-191

123

-179

128
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Amplitude(mV) vs. Water level
-150
0

20

40

60

80

100

120

140

-160
-170

y = 0.244x - 218.52

Amplitude (mV)

-180
-190
-200
-210
-220
-230
-240
-250

water level in the tank (inches)

Fig 18: Amplitude vs. Water level using Cascaded amplifier.
The above amplifier circuitry with high gain happened to amplify the signal quite good but along
with the signal the noise associated with it is also amplified and this tend to produce signal
scattering. For this reason another reduced gain amplifier is built.

31

Fig 19: An Operational amplifier circuitry in B2 spice

Fig 20: Simulation and DC transfer graph of reduced-gain amplifier.
The above stated inverting amplifier reduced the signal scattering and readings are taken.
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Table 4: Distance vs. Amplitude using reduced-gain amplifier
Distance(inches)

Amplitude(V)
0.11

-7.24

1.04

-6.88

1.09

-7.8

2.02

-7.94

2.07

-7.04

3

-6.82

3.05

-7.9

3.11

-7.7

4.04

-6.38

Amplitude vs. Waterlevel
-6
0

1

2

3

4

5

Amplitude

-6.5
-7

y = 0.0976x - 7.5119

-7.5

Linear (Amplitude v/s
Waterlevel)

-8
-8.5

Amplitude v/s Waterlevel

Water level

Fig 21: Amplitude vs. Water level using reduced-gain amplifier.
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As observed above, though the signal scattering is reduced to a considerable amount, antenna is
still experiencing scattering due to agitated liquids and the setup didn’t produce satisfactory results.
So, we worked on average-gain amplifier.

Fig 22: Basic amplifier constructed in B2 spice.

Fig 23: Operational amplifier waveform using LM741.
With the help of this non-inverting operational amplifier we have recorded the readings.
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Table 5: Distance vs. Amplitude using average-gain amplifier.
Distance (cm)

Amplitude(V)
0

8.24

1.5

9.2

2.5

9.12

3.6

9.32

4.8

9.6

5.6

9.6

6.8

9.68

7.6

9.92

8.9

10.43

10

11.01

Amplitude vs. Water level
11.5
11
y = 0.2194x + 8.4865

Amplitude

10.5

Water level v/s Amplitude

10
9.5

Log. (Water level v/s
Amplitude)

9

Linear (Water level v/s
Amplitude)

8.5
8
0

2

4

6

8

10

12

Waterlevel

Fig 24: Amplitude vs. Water level using average-gain amplifier.
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4.3 Comparator circuit:
Furthermore, we employ a comparator circuit to give us a heads up when the tank has reached its
limit. As we know the basic functionality of a comparator circuit is to compare two voltages and
the output of it switches to either high or low state depending on the difference of the reference
and input voltages. The output of the comparator switches to high when the difference between
input and half of reference voltage is positive and vice versa. For this purpose we are involving a
non-inverting comparator circuit whose reference voltage is set to 20 V. The output of comparator
circuit is attached to a LED. Thus we will be able to know when the tank has reached its limit as
the LED lights up, giving us the indication (circuitstoday, 2011).

Fig 25: Comparator circuit.
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Here we are considering the limit of the tank to be quarter of it. Hence when the water level in the
tank reaches 1/4th we observe the voltage of the amplitude in Oscilloscope and feed this voltage as
a reference voltage to the comparator circuit.
The experiment setup is shown below,

Fig 26: Apparatus for Non-contact Level Measurement.
The above figure shows us the experimental setup. The picture is taken with an empty tank. The
presence of amplifier circuitry and comparator circuit is observed.
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Fig 27: Lighting up of LED when the tank is 1/4th filled.

Fig 28: Up close of the circuitry when the LED is lit up.
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CHAPTER-5
CONCLUSION
In this thesis, a new method of non-contact level measurement system using pulsed
Doppler radar is proposed. All the operational circuitry is discussed in detail and results are
analysed. Present methods for the level measurement are discussed, and a comparison between
existing and proposed methods is drawn.
The advantages of using the Doppler transceiver have been discussed. Both high and low
operating frequency radar have their own benefits and comparison is drawn between them. An
estimated performance of High-frequency radar is evaluated with the help of Antenna Magus
Software.
Additional circuitry involves an amplifier circuitry which is achieved with the help of
operational amplifier LM741. Different amplifiers with different gains are tested and depending
on the signal loss and % reflected power a non-inverting operational amplifier is opted.
Further experiments can be done with low frequency radar transceiver and compare with
our present project and decide which is more effective. Work can be extended to develop a more
rigid prototype to use in real time environment where boiling liquid is involved.
The shape and size of the container plays a crucial role. Proper positioning of antenna is
advised, otherwise, we may observe scattering of the signal. Additionally we attached a
comparator circuit and an LED to notify us when the tank has reached its capacity. Thus we are
able to achieve an efficient, low cost, non-contact radar level measurement device.
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APPENDIX
1) Mono-Doppler transceiver that is employed in the present project is sensitive to high
voltage and the Absolute Maximum rating for the DC input is 5.5V and any voltage above
this tend to short the device and affect its functionality. Over the process to develop our
system two Doppler transceivers were shorted.
2) Proper positioning of antenna plays a crucial role in the level measurement process. The
size and structure of the tank is also crucial. In the present project tanks with various sizes
were experimented. Metallic tank tend to produce heavy signal scattering. Measuring in
glass tank also resulted in false readings because of the low dielectric constant of the glass
tank, signal penetrated through it.
3) Though pulse radar is little benefitary when compared continuous wave radar when it
comes to agitated liquids, present project still experienced heavy signal scattering when the
liquid is agitated and produced better results when the liquid is settled.
4) The operating temperature of Mono-Doppler transceiver is between -400C and +850C. If
we plan on operating at very high temperatures a protective sheath for the radar system is
recommended.

